BACKGROUND: This study seeks to determine whether antihypertensive medication refill adherence, ambulatory visits, and type of antihypertensive medication exposures are associated with decreased stroke and death for community-dwelling hypertensive patients.
INTRODUCTION
Clinical trials have demonstrated that effective treatment of hypertension can greatly reduce strokes and other cardiovascular events. Less is known regarding the impact of health services exposures in the real world. This study seeks to determine if antihypertensive medication adherence, ambulatory visits, and type of antihypertensive medication exposures are protective for stroke and death among hypertensive patients in the community.
Medication refill adherence calculated using pharmacy records is a well-validated measure of medication adherence [1] [2] [3] [4] and has been suggested as an important quality measure for hypertension care. 1, 5 Some studies have tied low adherence to increases in costs or hospitalizations, [6] [7] [8] but previous studies have not documented an association between adherence and major clinical outcomes. 9, 10 Only one recent case-control study has demonstrated an association between antihypertensive medication adherence and incidence of cerebrovascular disease. 11 We hypothesized that medication refill adherence would help protect chronic hypertensive patients from stroke and death. Well-controlled studies have generally demonstrated that routine ambulatory visits do not have protective effects for the chronically ill. [12] [13] [14] The most notable previous study of the impact of ambulatory visits focused on patients with chronic diseases that often require hospitalization for whom increased surveillance might be expected to increase hospitalization rates. 12 Hypertension seldom leads to hospitalization, and ambulatory visits for uncomplicated hypertension are typically employed to assess and improve blood pressure control. So, we hypothesized that ambulatory visits would help protect chronic hypertensive patients from stroke and death but presumed that the effect of ambulatory visits would be small. We also hypothesized that thiazide diuretic and combination antihypertensive medication exposure would be associated Data for this study were also used in the following Poster presentation. Academy Health, Washington DC, June 9, 2008. Bailey JE, Wan JY, Tang J, Ghani MA, Cushman WC. Antihypertensive medication adherence protects community dwelling hypertensive people from strokes and death. Tang, J, Wan, JY, and Bailey, JE. Performance of comorbidity measures to predict stroke and death in a community-dwelling, hypertensive Medicaid population. Stroke 2008; 39:1938-1944. with improved clinical outcomes since a large randomized clinical trial has demonstrated that thiazide-type diuretics are the most effective antihypertensives in decreasing risk of stroke. 15 Also, numerous studies have demonstrated that use of fixed-dose combination medications improves adherence. 16 This study employs a large administrative database to assess whether these easily measurable health services and medication utilization patterns are associated with the best clinical outcomes for hypertension.
METHODS

Design and Setting
This retrospective cohort study followed chronic medicationtreated hypertensive individuals enrolled in Tennessee's Medicaid program (TennCare) for at least 3 continuous years from 1994 through 2000 inclusive. During the study period, TennCare enrollees generally experienced minimal barriers to medication and primary care access. All TennCare enrollees were assigned to a primary care provider whose contract required providing timely access to essential services. The TennCare pharmacy benefit required no co-pays, the formulary covered all major generic and non-generic hypertensive medications, and enrollees were able to obtain 1 month's supply of medication at a time. Administrative data and vital records served as primary data sources for the study. These data sources and relevant linkage procedures have been described previously.
17,18
Subjects
The hypertensive cohort was defined using eligibility, inpatient, professional, and pharmacy claims data. The cohort included all non-institutionalized persons with continuous eligibility (>320 days/year) for at least 3 years, lack of Medicare eligibility, age 18 to 64 in each study year, yearly diagnosis of hypertension, and receipt of at least one anti-hypertensive medication prescription for the two baseline years. Patients were excluded who died or had a stroke during their baseline 2-year period. Stroke was defined as any inpatient or professional claim including an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code 430 to 438, thereby excluding virtually 100% of those with previous history of stroke. [19] [20] [21] After the baseline period, eligible patients (n=49,479) were followed for a 1-to 5-year follow-up period in which study outcomes could occur. Demographic variables were assessed using baseline period administrative demographic and eligibility files. Eligibility categories included: Medicaid only, disabled, uninsured (lacking insurance at program initiation), and uninsurable (deemed uninsurable because of preexisting conditions). Comorbidity was assessed using baseline and follow-up period inpatient and professional administrative data for paid claims.
Study Outcomes
The two primary study outcomes were time to stroke and time to death. ICD-9-CM codes defining stroke are shown in Table 1 . Stringent requirements for stroke diagnosis following the recommendations of Reker and others 22 were designed to maximize the positive predictive value and specificity of diagnosis as described previously. 17 Death was defined as allcause mortality according to vital records.
Independent Variables
Demographic and comorbidity variables acted as control variables. Based on the literature review and our research, we selected the most promising alternative comorbidity measures to serve as additional control variables in the analyses. 17 The following baseline comorbidity variables were included as defined in Table 1: (1) obesity, (2) diabetes, (3) mental illness, (4) substance abuse, and (5) hypercholesterolemia. Comorbidity variables in the follow-up period were calculated for every 6 months prior to event or study conclusion as defined in Table 1: (1) congestive heart failure, (2) atrial fibrillation, (3) transient ischemic attack, and (4) myocardial infarction. In addition, Charlson index was calculated for the baseline and follow-up as previously described. 17 To avoid loss of statistical power due to collinearity among comorbidity variables, we limited consideration to individual comorbidities for which there was a priori evidence of strong associations with outcomes of interest. Previous research suggests that collinearity is much more likely to occur among comorbidity measures using individual conditions rather than between individual comorbidities and the Charlson index. 17 Overall health care utilization is a marker of comorbidity and may predict clinical outcomes better than some diagnosisbased scores. 23 Our study assessed four independent interval health care utilization variables for the baseline period and for every 3 months in the follow-up period prior to the event or the 18 Levels of antihypertensive medication utilization are known to be associated with severity of illness and level of comorbidity since these medications are used to treat a variety of cardiovascular and other conditions in addition to hypertension. 24, 25 Using the general method proposed by Steiner et al., 1, 26 we calculated the following nine medication utilization variables for each subject for the baseline period and for every 6-month period in the follow-up period prior to an outcome event or the conclusion of the study: Antihypertensive Variety Exposure defined as the number of drug classes filled ever; Antihypertensive Regimen Complexity defined as the number of drug classes filled per month; Antihypertensive Medication Refill Adherence; Antihypertensive Medication Exposure defined as percentage of days in the time period with a filled prescription for each of the four major classes [thiazide-type diuretic, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers (ACEI/ARB), calcium channel blocker (CCB), and beta adrenergic blocker (BB)]; Combination Medication Exposure defined as the percentage of days with a combination prescription filled; Aspirin Exposure defined as the percentage of days with an aspirin prescription filled. Medication Refill Adherence (MRA) was calculated as the percentage of eligible prescription days filled (total days' supply for all qualifying drug classes/total number of days from the first to the last fill in the interval × 100, capped at 100%) for all antihypertensive medications taken in the time period. MRA was capped at 100% because, given the absence of prior literature indicating that hypertensive medication oversupply has significant impact on stroke and death, we were solely interested in the impact of undersupply on these outcomes. MRA was calculated for each individual for all qualifying antihypertensive drugs for the period of interest. For example, an individual on two drugs during the first 6-month (180 day) follow-up period, receiving 180 days' supply for drug one and only 90 days' supply for drug two, would have an MRA of 75%. MRA was assessed for each individual for the 2-year baseline period and every 6 months in the follow-up period. MRA produces identical results for adherence as the similarly calculated medication possession ratio and has been well validated in numerous studies as an accurate measure of adherence.
1-4
Analysis
Cox regression modeling determined bivariate and multivariate associations with time to event (death and stroke) to produce hazard ratios (HR) using standard methods. 27 Multivariate modeling employed a stepwise procedure with all the independent variables in the Cox model. Hazard ratios and confidence intervals (CI) were computed in SAS using PHREG procedure with a MULTIPASS statement in order to reduce the consumption of computing resource. 28 Variables with p<0.05 from the stepwise procedure were deemed significant. Hazard ratios for MRA were calculated for a 15% difference in adherence in order to assist with interpretation since this difference approximately corresponds to a change in adherence by one pill per week for a once-a-day regimen.
Following the above analyses, the baseline MRA variable was used to categorize all subjects as either adherent or nonadherent using an 80% cutoff following Chapman's criteria. 29 The log-log survival plots showed that the adherent and nonadherent groups were not proportional. Thus, adjusted Kaplan-Meier survival curves were estimated using the direct adjusted method based on the stratified Cox regression model. 30 Both dichotomous and continuous variables were directly used to create adjusted survival curves that average the estimated survival curves for each patient. Five-year survival probabilities were produced for the adherent and non-adherent groups. In order to test the difference in survival between two adherence groups, the adjusted number of events for each group was calculated from the adjusted survival probability. [31] [32] [33] Because the estimates are based on the actual counts that are not continuous with the normal approximation, the Yates correction for z-test was applied. 28 The null hypothesis for the comparison is that the two adherence levels have the same effect on survival. The null hypothesis is rejected if the p-value of z-test is less than 0.05.
RESULTS
Patients
We followed 49,479 subjects retrospectively during the period 1994-2000 for an average total observation period of 4.7 years, including the 2-year baseline period. Baseline characteristics of the study population are shown in Table 2 . Mean age for study subjects was 48.5 years. Wide variations in levels of comorbidity were noted with Charlson Index values ranging from 0 to 16 with a mean Charlson Index of 1.71.
Health Care and Medication Utilization
At baseline, subjects had a mean of 5.2 ambulatory visits, 0.6 emergency visits, 1.0 hospital visits, and 4.9 hospital days per year (Table 3) . Health care utilization varied widely, and the distributions for levels of utilization were highly skewed with ambulatory visits ranging from 0 to 86.5 per year in the baseline period. The average variety exposure for subjects was 2.3 different classes of antihypertensive medications during the baseline period. The average regimen complexity for subjects was more than one antihypertensive medication regularly (1.04) and, for some subjects, as many as 5.8 classes of antihypertensive prescriptions filled regularly. Mean MRA was 67% and ranged from 3% to 100%.
Hazards of Stroke and Death
Among the 49,479 subjects who met study criteria, 619 strokes (1.25%) and 2,051 deaths (4.15%) occurred during an average follow-up period of 2.7 years. The 49,479 study subjects contributed 133,593 person-years of patient followup time with an actual stroke rate of 4.6 strokes per 1,000 person-years. Bivariate associations with stroke and death are shown in Table 4 . In the baseline and follow-up periods, most comorbidities and types of health care utilization were associated with increased bivariate hazards of stroke and death. Likewise, higher levels of medication utilization generally were associated with increased bivariate hazards of stroke and death. The major exception to this general pattern was for thiazide exposure, which was associated with decreased bivariate hazards of stroke and death.
In the multivariate analysis (Table 5) , urban residence was independently associated with increased hazards of stroke (HR 1.25; CI 1.03-1.51) and death (HR 1.19; CI 1.07-1.32). Increases in health care utilization in the baseline and follow-up periods still were generally associated with increased hazards of stroke and death. In contrast, in the multivariate analysis, increases in baseline ambulatory visits were found to place subjects at decreased hazards of death (HR 0.99; CI 0.98-1.00) as did baseline emergency visits (HR 0.97; CI 0.94-1.00).
After controlling for potential confounding factors, we found MRA to be strongly protective for stroke and death (Table 5 ). Adherence at baseline was associated with decreased multivariate hazards of stroke (HR 0.91; CI 0.86-0.97). Adherence in the follow-up period was associated with decreased multivariate hazards of both stroke (HR 0.92; CI 0.87-0.96) and death (HR 0.93; CI 0.90-0.096). These associations were similar in magnitude when other medication exposures were not included in the multivariate models for stroke and death (data not shown).
Exposure in the follow-up period to an increased variety of antihypertensive medication was independently associated with a 31% increased hazard of stroke (CI 1.21-1.42) and a 15% increased hazard of death (CI 1.09-1.21), but higher levels of exposure to thiazide, ACEI/ARB, CCB, and BB were associated with 3-4% decreased hazards of death (Table 5 ). Exposure to combination antihypertensive medication was not independently associated with decreased hazards of stroke or death in either the baseline or follow-up period. Aspirin exposure was independently associated with 3% decreased hazards of death (CI 0.94-1.00) in the follow-up period. In multivariate analysis baseline thiazide exposure was independently associated with a 5% decreased hazard of death (CI 0.92-0.98). Exposure to thiazide in the followup period was independently associated with an 11% decreased hazard of stroke (CI 0.85-0.93) and 4% decreased hazard of death (CI 0.93-0.99).
Survival Analysis
Using the 80% cutoff criteria, 29 60.6% of subjects were classified as non-adherent at baseline. The adjusted Kaplan-Meier survival curves ( Fig. 1) demonstrate that ≥80% baseline refill adherence is associated with better 5-year estimated survival than <80% refill adherence for death outcome (P<0.001) and for a combined outcome of stroke or death (P<0.001). The adjusted survival curves for stroke were not significantly different (P=0.262; P= 0.248 after Yates correction). Based on the survival model, the probability of survival at the end of 5 years was 0.938 for the adherent group and 0.933 for the non-adherent group, resulting in a difference in the survival probability for death of 0.5% between the adherent and non-adherent groups.
DISCUSSION
The low rate of antihypertensive medication adherence in this statewide Medicaid population (39.4%) replicates the findings of other researchers in other insured populations. 34, 35 This study demonstrates that low antihypertensive medication adherence is a potent cardiovascular risk factor for communitydwelling hypertensive patients and that increasing adherence by just one pill per week for a once-a-day regimen (i.e., increasing MRA by 15%) can result in a 7% reduction in hazard of death or a number needed to treat (NNT) of 344 to prevent one death in 2.7 years. This compares very favorably with the NNT estimated at greater than 500 for cholesterol-lowering therapy to prevent one death in 5 years for patients with two or more risk factors such as hypertension. 15, 36 This study demonstrates that medication adherence, a factor very amenable to change, is among the most important cardiovascular risk factors for hypertensive patients. We found a 0.5% increase in deaths over 5 years attributable to non-adherence (MRA<80%). Given that there are approximately 68 million US adults with hypertension 37 and approximately 60% are nonadherent by this standard, these results suggest than approximately 200,000 lives could be saved over the next 5 years by increasing adherence levels for all hypertensive patients to ≥80%. These estimates of the lives saved by improved adherence and control of hypertension are consistent with the estimates of other authors. 37, 38 It is likely that a similar number of strokes could be prevented through increases in adherence, but our study had insufficient stroke events and was underpowered to show significant impact on stroke in the survival analysis due in part to the stringent requirements for stroke diagnosis.
Of particular interest to generalist physicians is the finding that increased ambulatory care was associated with decreased mortality risk. This study, unlike previous studies of cohorts of patients with chronic disease, [12] [13] [14] found that ambulatory visits were protective for death once we controlled for the impact of comorbidity. The most notable of previous studies to assess the impact of ambulatory care showed that recently hospitalized veterans with diabetes, chronic obstructive pulmonary disease, or congestive heart failure randomized to an intensive primary care intervention actually experienced higher readmission rates. 12 The results of our community-based observational study are reassuring and are consistent with the a priori expectation of primary care physicians that their outpatient efforts to control hypertension pay off. Although the effect size for ambulatory visits was small, this study is to our knowledge the first to give clear evidence that ambulatory visits in community settings are beneficial for hypertensive patients. This finding is striking since ambulatory visits are subject to confounding by indication; sicker people go to the doctor more. By using meticulous methods to control for the effects of comorbidity, the current study was able to unmask the impact of ambulatory care. The effect of ambulatory care is likely mediated by increasing opportunities for measurement and improvement of hypertension control. The finding that baseline emergency care exposure was protective for death suggests that emergency visits may also provide important opportunities to identify and treat patients Medication refill adherence > 80 % Medication refill adherence < 80 % with uncontrolled hypertension. Further research is needed to determine the optimal number and types of visits needed to maintain blood pressure control and prevent adverse events, the primary mechanisms through which ambulatory visits improve outcomes, and the most effective methods for improving adherence and control of hypertension in ambulatory settings. 13 This study also demonstrated that exposures to most major classes of antihypertensives were protective for mortality independent of adherence levels. This is consistent with clinical trials and meta-analyses of hypertension outcome trials demonstrating similar mortality benefits for these major classes. 39 Only baseline CCB exposure was associated with increased risk of stroke, possibly because patients started on CCBs generally have more severe hypertension. Combination antihypertensive medication exposure was not independently associated with decreased risk of stroke or death. The protective effects of thiazide-type diuretic exposure were most notable. Recent thiazide exposure decreased risk of stroke by 11%, the only medication exposure other than aspirin that was associated with decreased risk of stroke. Both baseline and recent thiazide use decreased risk of death. These impacts are particularly robust given that we controlled for exposure to other classes of medication, adherence, number of medications taken, and other well-validated measures of comorbidity. Our study is consistent with previous major randomized clinical trials and meta-analyses of antihypertensive therapy in showing that the lowest cost antihypertensive medications (thiazide-type diuretics) are lifesaving and prevent stroke. 15, 40, 41 The limitations of this study are inherent in the use of administrative data. Lack of access to clinical data prevented our measuring potential confounding variables such as severity of hypertension. However, the study has high external validity in that it fairly represents the health services exposures and clinical outcomes for a large population of patients with a very common condition. Although we had limited ability to measure and adjust for differences in comorbidity, we were able to employ well-validated methods for comorbidity adjustment of administrative data. 17 The current study may have underestimated the effect of non-adherence by using a measure of adherence (i.e., MRA) that combines those who are adherent and those who receive an oversupply of antihypertensive medication from their pharmacy. Some recent studies indicate that oversupply may also be associated with non-adherence. 42, 43 Including the type of medication exposure variables in the same multivariate model with MRA may have further diluted the effect of adherence on stroke and death because of collinearity between these independent variables. Therefore, the effect of adherence demonstrated in this study likely represents a lower estimate than the true effect of adherence on stroke and death. Healthy user bias could account for the unexpected protective effects of obesity for stroke and death, and hypercholesterolemia and history of myocardial infarction (MI) for death. Because coding forms have limited space for diagnoses, healthier patients are more likely to have stable chronic diagnoses listed as a code on the claim. So, the study's findings regarding obesity, hypercholesterolemia, and history of MI are probably explained by an administrative coding phenomenon. The study's generalizability is also potentially limited by its assessment of practice patterns 9 to 15 years ago. Although studies suggest that treatment of hypertension has become more aggressive since the late 1990s, there have been no major changes in treatment guidelines or medication copayments for Medicaid patients since that period. These results cannot be generalized to older Medicare patients since they were not included in the study.
This study suggests that MRA can be used by primary care physicians at the point of care to recognize, track, and improve adherence and save lives. This research supports making MRA information readily available through electronic medical records to providers to help them support patient adherence. The study also supports clinical trial evidence and US guideline recommendations supporting frequent use of thiazide-type diuretics in the management of hypertension. In summary, adherence serves as a key mediator of risk of premature stroke and death that is amenable to action, and the best place for action is in the ambulatory setting.
